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(54) CONTACTLESS CHARGING MODULE AND RECEIVING-SIDE AND TRANSMISSION-SIDE 
CONTACTLESS CHARGER USING SAME

(57) It is an object to provide a non-contact charging
module that prevents the magnet from negatively influ-
encing particularly the inside portion of a coil and im-
proves power transmission efficiency, even when a mag-
net is used for alignment. This non-contact charging mod-
ule is a reception-side non-contact charging module, to
which power is transmitted from a transmission-side non-

contact charging module which is equipped with magnet,
by electromagnetic induction, in which the non-contact
charging module includes a planar coil portion around
which spiral electric lines are wound, and a magnetic
sheet disposed to face the surface of coil of the planar
coil portion so that it faces the magnet of the transmis-
sion-side contact module, in which the inner diameter of
the planar coil portion is larger than the magnet.
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Description

Technical Field

[0001] The present invention relates to a non-contact
charging module that has a planar coil portion made of
spiral electrical lines and a magnetic sheet and a recep-
tion-side and transmission-side non-contact charging ap-
paratuses using the same.

Background Art

[0002] In recent years, apparatuses that can charge a
body apparatus in a non-contact type using a charger
are widely used. In the apparatuses, a transmission-side
non-contact charging module is disposed on the side of
the charger, a reception-side non-contact charging mod-
ule is disposed on the side of the body apparatus, and
electromagnetic induction is generated between the
modules to supply power from the side of the charger to
the side of the body apparatus. In addition, it is suggested
to apply a portable terminal apparatus as the body ap-
paratus.
[0003] It is demanded to decrease the thickness and
the size of the body apparatus or the charger of this port-
able terminal apparatus. In order to meet the demand, it
is considered to include a planar coil portion functioning
as the transmission-side non-contact charging module
or the reception-side non-contact charging module, and
a magnetic sheet (refer to Patent Literature 1).

Citation List

Patent Literature

[0004]

PTL 1
Japanese Patent Application Laid-Open No.
2006-42519

Summary of Invention

Technical Problem

[0005] In this type of non-contact charging module, the
position of a primary-side non-contact charging module
(transmission-side non-contact charging module) and
the position of a secondary-side non-contact charging
module (reception-side non-contact charging module)
need to be accurately aligned. This is to efficiently per-
form the electromagnetic induction to transmit power.
[0006] A method using a magnet is known as one meth-
od that accurately aligns the position of the primary-side
non-contact charging module (transmission-side non-
contact charging module) and the position of the second-
ary-side non-contact charging module (reception-side
non-contact charging module). This method is a method

in which the magnet is mounted to at least one of the
primary-side non-contact charging module and the sec-
ondary-side non-contact charging module, the magnets
of both sides or one magnet and the other magnetic sheet
attract each other, and therefore aligning is performed.
[0007] A method that performs aligning without using
the magnet is known as another method that accurately
aligns the position of the primary-side non-contact charg-
ing module and the position of the secondary-side non-
contact charging module.
[0008] For example, this is a method in which a convex
portion is formed in a charging surface of a charger
mounted with the primary-side non-contact charging
module, a concave portion is formed in an electronic ap-
paratus mounted with the secondary-side non-contact
charging module, the convex portion are fitted in the con-
cave portion, and compulsory aligning of the primary-side
non-contact charging module and the secondary-side
non-contact charging module is physically (geometrical-
ly) performed. This is a method in which the primary-side
non-contact charging module detects the position of a
coil of the secondary-side non-contact charging module
in order to automatically move the position of the coil of
the primary-side non-contact charging module to the po-
sition of a coil of the secondary-side non-contact charging
module. This is a method in which a plurality of coils are
provided in the charger such that a portable apparatus
is chargeable in all places of a charging surface of the
charger.
[0009] However, in the case where the magnet is used
in aligning of the primary-side non-contact charging mod-
ule and the secondary-side non-contact charging module
and the case where the magnet is not used, an L value
of the coil that is provided in each non-contact charging
module significantly changes. In the electromagnetic in-
duction to supply power, the resonance frequency is de-
termined using the L value of the coil that is provided in
each non-contact charging module.
[0010] For this reason, in the case where the magnet
is used in aligning of the primary-side non-contact charg-
ing module and the secondary-side non-contact charging
module and the case where the magnets is not used,
there is a problem that it is difficult to commonly use the
non-contact charging module.
[0011] Therefore, in view of the above problems, it is
an object of the present invention to provide a non-con-
tact charging module and reception-side and transmis-
sion-side non-contact charging apparatuses using the
same that can suppress a change in an L value of a coil
provided in the non-contact charging module in both of
the case where a magnet included in the other non-con-
tact charging module is used when a primary-side non-
contact charging module and a secondary-side non-con-
tact charging module are aligned and the case where the
magnet is not used, and can be used in both of the case
where the magnet is used and the case where the magnet
is not used.
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Solution to Problem

[0012] In order to solve the above problems, the
present invention has a feature of providing a non-contact
charging module that has a case where using a magnet
included in a counterpart-side non-contact charging
module or a case where not using the magnet, when
aligning with the counterpart-side non-contact charging
module, the non-contact charging module includes: a pla-
nar coil portion where electrical lines are wound; and a
magnetic sheet that places a coil surface of the planar
coil portion and faces the coil surface of the planar coil
portion, wherein a size of a hollow portion of the planar
coil portion is more than a size of the magnet included in
the counterpart-side non-contact charging module.

Advantageous Effects of Invention

[0013] According to the present invention, a non-con-
tact charging module that does not change an L value of
a coil provided in the non-contact charging module in
both of the case where a magnet included in a counter-
part-side non-contact charging module is used and the
case where the magnet is not used when the primary-
side non-contact charging module and the secondary-
side non-contact charging module are aligned, so that it
is possible to provide a non-contact charging module that
can perform efficient aligning and power transmission in
both of the case where the magnet is used and the case
where the magnet is not used.

Brief Description of Drawings

[0014]

FIG.1 is a block diagram illustrating a non-contact
power transmitting apparatus according to an em-
bodiment of the present invention;
FIG.2 is a diagram illustrating the configuration of a
non-contact charger according to the embodiment
of the present invention;
FIG.3 is a diagram illustrating a primary-side non-
contact charging module according to the embodi-
ment of the present invention;
FIG.4 is a detailed diagram illustrating the primary-
side non-contact charging module according to the
embodiment of the present invention;
FIG.5 is a diagram illustrating the configuration of a
portable terminal apparatus according to the embod-
iment of the present invention;
FIG.6 is a diagram illustrating a secondary-side non-
contact charging module according to the embodi-
ment of the present invention;
FIG.7 is a detailed diagram illustrating the second-
ary-side non-contact charging module according to
the embodiment of the present invention;
FIG.8 is a diagram illustrating a relation of the pri-
mary-side non-contact charging module including a

magnet and the secondary-side non-contact charg-
ing module;
FIG.9 is a diagram illustrating a relation of the inner
diameter of the coil and an L value of the coil;
FIG.10 is a schematic diagram illustrating a position
relation of a non-contact charging module according
to the embodiment of the present invention and the
magnet included in the other non-contact charging
module performing power transmission;
FIG.11 is a diagram illustrating a decrease ratio of
the L value of the planar coil portion in the case where
the magnet is included with respect to the case where
the magnet is not included, when changing a dimen-
sion of a diagonal line of the inner side of a rectan-
gular planar coil portion and a dimension of the inner
diameter of a circular planar coil portion in FIG.10;
FIG.12 is a diagram illustrating the magnitude of the
magnetic field that is generated by the rectangular
planar coil portion; and
FIG.13 is a diagram illustrating a result that is ob-
tained by measuring the L value of the planar coil
portion by changing the thickness of a magnetic
sheet according to the present embodiment.

Description of Embodiments

[0015] In the invention according to Claim 1, a trans-
mission-side non-contact charging module transmits
power to a reception-side non-contact charging module
by electromagnetic induction. The transmission-side
non-contact charging module can perform aligning with
the reception-side non-contact charging module by a first
section performing aligning by using a magnet included
in the reception-side non-contact charging module when
aligning with the reception-side non-contact charging
module is performed and a second section performing
aligning by not using the magnet. The transmission-side
non-contact charging module includes a planar coil por-
tion where electrical lines are wound, a terminal that sup-
plies a current from an external power supply to the planar
coil portion, and a magnetic sheet that places a coil sur-
face of the planar coil portion and faces the coil surface
of the planar coil portion. A size of a hollow portion of the
planar coil portion is more than a size of the magnet in-
cluded in the reception-side non-contact charging mod-
ule. Thereby, a transmission-side non-contact charging
module and a transmission-side non-contact charging
apparatus using the same that do not change an L value
of a coil provided in the transmission-side non-contact
charging module in both of the case where the magnet
included in the reception-side non-contact charging mod-
ule is used when a primary-side non-contact charging
module and a secondary-side non-contact charging
module are aligned and the case where the magnet is
not used and can be used in both of the case where the
magnet is used and the case where the magnet is not
used can be configured.
[0016] In the invention according to Claim 2, the dis-
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tance of an end of a hollow portion of the planar coil por-
tion and an outer end of the magnet is larger than 0 mm
and smaller than 6 mm. Thereby, the L values in the case
where magnet 30a is used and the case where magnet
30a is not used can be set to be similar to each other
while the L values are maintained at 15 mH or more.
[0017] In the invention according to Claim 3, the planar
coil portion is configured such that an area of the magnet
becomes 80 to 95% of an area of an inner circle of the
planar coil portion, in a surface parallel to the planar coil
portion. Thereby, the variation in the aligning precision
can be resolved and the aligning precision of the primary-
side non-contact charging module and the secondary-
side non-contact charging module can be improved.
[0018] In the invention according to Claim 4, an area
of the hollow portion of the coil portion is larger than an
area of a circle having the diameter of 15.5 mm. Thereby,
a transmission-side non-contact charging module and a
transmission-side non-contact charging apparatus using
the same that can be used in both of the case where a
magnet is used and the case where a magnet is not used
can be configured to any kind of magnet.
[0019] In the invention according to Claim 5, a trans-
mission-side non-contact charging apparatus includes
the planar coil portion that is included in the non-contact
charging module according to any one of claims 1 to 4.
Thereby, an L value of a coil provided in the transmission-
side non-contact charging module is not changed in both
of the case where the magnet is used when the trans-
mission-side non-contact charging module and the re-
ception-side non-contact charging module are aligned
and the case where the magnet is not used. Therefore,
the non-contact charging module can be used in both of
the case where the magnet is used and the case where
the magnet is not used.
[0020] In the invention according to Claim 6, the elec-
trical lines of the planar coil are wound in a rectangular
shape. Thereby, the distance of the counterpart-side
magnet and the coil portion at each corner can be in-
creased and an influence of the magnet can be sup-
pressed.

(Embodiment)

[0021] Now, an embodiment of the present invention
will be described in detail with reference to the accom-
panying drawings.
[0022] FIG.1 is a block diagram illustrating a non-con-
tact power transmitting apparatus according to an em-
bodiment of the present invention.
[0023] The non-contact power transmitting apparatus
includes primary-side non-contact charging module 1
(transmission-side non-contact charging module) and
secondary-side non-contact charging module 2 (recep-
tion-side non-contact charging module) and transmits
power from primary-side non-contact charging module 1
to secondary-side non-contact charging module 2 using
an electromagnetic induction action. The non-contact

power transmitting apparatus is used in transmitting pow-
er of about 5 W or less. The frequency of power trans-
mission is about 110 to 205 kHz. Primary-side non-con-
tact charging module 1 is mounted to a charger and sec-
ondary-side non-contact charging module 2 is mounted
to, for example, a mobile phone, a digital camera, and a
PC.
[0024] Primary-side non-contact charging module 1 in-
cludes primary-side coil 11a, magnetic sheet 3, reso-
nance capacitor (not illustrated), and power input section
5. Power input section 5 is connected to commercial pow-
er supply 300 functioning as an external power supply,
receives power of about 100 to 240 V, converts the power
into a predetermined current (direct current 12 V, 1 A),
and supplies the predetermined current to primary-side
coil 11a. Primary-side coil 11a generates a magnetic field
according to the shape thereof, the winding number
thereof, and the supplied current. The resonance capac-
itor is connected to primary-side coil 11a and determines
the resonance frequency of the magnetic field generated
from primary-side coil 11a according to a relation with
primary-side coil 11a. The electromagnetic induction ac-
tion from primary-side non-contact charging module 1 to
secondary-side non-contact charging module 2 is per-
formed by the resonance frequency.
[0025] Meanwhile, secondary-side non-contact charg-
ing module 2 includes secondary-side coil 11b, magnetic
sheet 4, resonance capacitor (not illustrated), rectifying
circuit 6, and power output section 7. Secondary-side coil
11b receives the magnetic field generated from primary-
side coil 11a, converts the magnetic field into a prede-
termined current by the electromagnetic induction action,
and outputs the predetermined current to the outside of
secondary-side non-contact charging module 2 through
rectifying circuit 6 and power output section 7. Rectifying
circuit 6 rectifies the predetermined current which is an
alternating current and converts the predetermined cur-
rent into a predetermined current which is a direct current
(direct current 5 V, 1.5 A). Power output section 7 is an
external output section of secondary-side non-contact
charging module 2 and supplies power to electronic ap-
paratus 200 connected to secondary-side non-contact
charging module 2 through power output section 7.
[0026] Next, the case where primary-side non-contact
charging module 1 is mounted to a non-contact charger
will be described.
[0027] FIG.2 is a diagram illustrating the configuration
of a non-contact charger according to the embodiment
of the present invention. An inner portion of the non-con-
tact charger illustrated in FIG.2 can be viewed.
[0028] Non-contact charger 400 that transmits power
using the electromagnetic induction action has primary-
side non-contact charging module 1 in a case constituting
an exterior package.
[0029] Non-contact charger 400 has plug 401 that is
plugged into outlet 301 of commercial power supply 300
disposed indoors or outdoors. By plugging plug 401 into
outlet 301, non-contact charger 400 can receive power

5 6 



EP 2 546 844 A1

6

5

10

15

20

25

30

35

40

45

50

55

from commercial power supply 300.
[0030] Non-contact charger 400 is disposed on desk
501 and primary-side non-contact charging module 1 is
disposed in the vicinity of surface 402 of the side opposite
to the side of a desk surface of non-contact charger 400.
A principal surface of primary-side coil 11a in primary-
side non-contact charging module 1 is disposed in par-
allel to surface 402 of the side opposite to the side of the
desk surface of non-contact charger 400. In this way, a
power reception work area of the electronic apparatus
mounted with secondary-side non-contact charging
module 2 can be secured. Non-contact charger 400 may
be disposed on a wall surface. In this case, non-contact
charger 400 is disposed in the vicinity of a surface of the
side opposite to the side of the wall surface.
[0031] Primary-side non-contact charging module 1
may have magnet 30a that is used in aligning with sec-
ondary-side non-contact charging module 2. In this case,
magnet 30a is disposed in a hollow portion that is posi-
tioned at a center area of primary-side coil 11a.
[0032] Next, primary-side non-contact charging mod-
ule 1 will be described.
[0033] Fig.3 is a diagram illustrating the primary-side
non-contact charging module according to the embodi-
ment of the present invention and illustrating the case
where the primary-side coil is circular. Though FIG.3 il-
lustrates the primary-side coil that is a circular coil that
is wound in a circular shape, the primary-side coil may
be a rectangular coil that is wound in a substantially rec-
tangular shape. The specific configuration of the primary-
side non-contact charging module described hereinafter
is basically applied to the secondary-side non-contact
charging module. The difference of the primary-side non-
contact charging module and the secondary-side non-
contact charging module will be described in detail below.
[0034] Primary-side non-contact charging module 1 in-
cludes primary-side coil 11a where electrical lines are
wound in a spiral shape and magnetic sheet 3 that is
provided to face a surface of primary-side coil 11a.
[0035] As illustrated in FIG.3, primary-side coil 11a in-
cludes a coil that is wound around a conductor in a radial
direction to draw a whirlpool on the surface and terminals
22a and 23a that function as current supplying sections
provided on both ends of the coil. That is, terminals 22a
and 23a that function as the current supplying sections
supplies the current from commercial power supply 300
which is the external power supply to primary-side coil
11a. The coil is obtained by winding electrical lines in
parallel on the plane and a surface that is formed by the
coil is called a coil surface. The thickness direction is a
stack direction of primary-side coil 11a and magnetic
sheet 3.
[0036] Magnetic sheet 3 includes flat portion 31a that
places primary-side coil 11a, center portion 32a that is a
center portion of flat portion 31a and corresponds to a
hollow area of primary-side coil 11a, and linear concave
portion 33a that inserts a part of a leading line of primary-
side coil 11a. In center portion 32a, a concave portion or

a through-hole is formed with respect to flat portion 31a.
[0037] In primary-side non-contact charging module 1
according to the present embodiment, primary-side coil
11a is wound from an inner diameter where a diameter
is 20 mm to the outside and an outer diameter of the
primary-side coil becomes 30 mm. That is, primary-side
coil 11a is wound in a doughnut shape. Primary-side coil
11a may be wound in a circular shape and may be wound
in a polygonal shape.
[0038] By wounding the electrical lines to leave a
space, the floating capacity between the electrical line of
an upper stage and the electrical line of a lower stage
decreases and alternating-current resistance of primary-
side coil 11a can be suppressed to a minimum. In addi-
tion, the thickness of primary-side coil 11a can be sup-
pressed by wounding the electrical lines densely.
[0039] Primary-side non-contact charging module 1
may have magnet 30a that is used in aligning with sec-
ondary-side non-contact charging module 2. In this case,
a shape of magnet 30a is defined to a circular shape and
a diameter thereof is defined to 15.5 mm or less by the
standard (WPC). Magnet 30a has a coin shape and
needs to be disposed such that a center thereof is
matched with a winding center axis of primary-side coil
11a. This is to decrease an influence of magnet 30a with
respect to primary-side coil 11a.
[0040] That is, as an aligning method, the following
methods are used. For example, a method in which a
convex portion is formed in a charging surface of a charg-
er, a concave portion is formed in an electronic apparatus
of the secondary side, the convex portion is fitted into the
concave portion, and compulsory aligning is physically
(geometrically) performed is used. A method in which a
magnet is mounted to at least one of the primary side
and the secondary side, the magnets of both sides or
one magnet and the other magnetic sheet attract each
other, and aligning is performed is used. A method in
which the primary side detects the position of a coil of
the secondary side to automatically move a coil of the
primary side to the position of the coil of the secondary
side is used. A method in which a plurality of coils are
provided in a charger such that a portable apparatus is
chargeable in all places of a charging surface of the
charger is used.
[0041] As such, the various methods that are used in
aligning the coils of the primary-side (charging-side) non-
contact charging module and the secondary-side
(charged-side) non-contact charging module are de-
scribed. However, the methods are divided into methods
performed with the magnet and methods performed with-
out the magnet. In addition, according to the primary-side
(charging-side) non-contact charging module, the prima-
ry-side non-contact charging module is configured to be
adapted to both of the secondary-side (charged-side)
non-contact charging module with the magnet and the
secondary-side (charged-side) non-contact charging
module without the magnet, and charging can be per-
formed, regardless of a type of the secondary-side
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(charged-side) non-contact charging module. Therefore,
convenience is improved. Likewise, according to the sec-
ondary-side (charged-side) non-contact charging mod-
ule, the secondary-side non-contact charging module is
configured to be adapted to both of the primary-side
(charging-side) non-contact charging module with the
magnet and using the magnet in aligning and the primary-
side (charging-side) non-contact charging module with-
out the magnet and not using the magnet in aligning, and
charging can be performed, regardless of a type of the
primary-side (charging-side) non-contact charging mod-
ule. Therefore, convenience is improved. That is, in the
non-contact charging module that performs power trans-
mission by the electromagnetic induction action with the
other non-contact charging module which is a counter-
part performing the power transmission and performs
aligning using the magnet included in the other non-con-
tact charging module or performs aligning without using
the magnet when aligning with the other non-contact
charging module is performed, the non-contact charging
module needs to be configured to surely perform the pow-
er transmission.
[0042] As a first method that disposes magnet 30a in
the case where primary-side non-contact charging mod-
ule 1 has magnet 30a, a method that disposes magnet
30a on a top surface of center portion 32a of magnetic
sheet 3 is known. As a second method that disposes
magnet 30a, a method that disposes magnet 30a at the
position instead of center portion 32a of magnetic sheet
3 is known. In the second method, since magnet 30a is
disposed in the hollow area of the coil, a size of primary-
side non-contact charging module 1 can be decreased.
[0043] When the magnet is not used in aligning of pri-
mary-side non-contact charging module 1 and second-
ary-side non-contact charging module 2, the magnet 30a
illustrated in FIG.3 is not needed.
[0044] In this case, an influence of the magnet with
respect to power transmission efficiency of the non-con-
tact charging module will be described. In general, the
magnet is provided in the hollow portion of the coil incor-
porated in at least one of the primary-side non-contact
charging module and the secondary-side non-contact
charging module. Thereby, the magnet and the magnet
or the magnet and the magnetic sheet 3 can be placed
closely each other as close as possible, and, at the same
time, the primary-side coil and the secondary-side coil
can be placed closely each other. The magnet is circular.
In this case, the diameter of the magnet becomes smaller
than the inner width of the coil. In the present embodi-
ment, the diameter of the magnet is about 15.5 mm (about
10 to 20 mm) and the thickness thereof is about 1.5 to 2
mm. A neodymium magnet may be used and the strength
thereof may be about 75 to 150 mT. In the present em-
bodiment, since an interval of the coil of the primary-side
non-contact charging module and the coil of the second-
ary-side non-contact charging module is about 2 to 5 mm,
sufficient aligning can be performed by the corresponding
magnet.

[0045] When the magnetic flux is generated between
the primary-side coil and the secondary-side coil to trans-
mit power, if the magnet exists between the primary-side
coil and the secondary-side coil and around the primary-
side coil and the secondary-side coil, the magnetic flux
extends to avoid the magnet. The magnetic flux that pass-
es through the magnet becomes an eddy current or gen-
erates heat in the magnet and is lost. If the magnet is
disposed in the vicinity of the magnetic sheet, the per-
meability of the magnetic sheet in the vicinity of the mag-
net may be decreased. Therefore, magnet 30a that is
included in primary-side non-contact charging module 1
may decrease the L values of both primary-side coil 11a
and secondary-side coil 11b. As a result, transmission
efficiency between the non-contact charging modules
may be decreased.
[0046] FIG.4 is a detailed diagram illustrating the pri-
mary-side non-contact charging module according to the
embodiment of the present invention. FIG.4(a) is a top
view of the primary-side non-contact charging module
and FIG.4(b) is a cross-sectional view taken along the
line A-A of the primary-side non-contact charging module
in FIG.4(a). FIG.4(c) is a cross-sectional view taken along
the line B-B of the primary-side non-contact charging
module in FIG.4(a) in the case where a linear concave
portion is provided. FIG.4(d) is a cross-sectional view
taken along the line B-B of the primary-side non-contact
charging module in FIG.4(a) in the case where a slit is
provided. FIGS.4(a) and 4(b) illustrate the case where
magnet 30a is not included. When the magnet is included,
magnet 30a illustrated by a dotted line is included.
[0047] Primary-side coil 11a achieves decreasing the
thickness of non-contact charger 400 mounted with pri-
mary-side non-contact charging module 1. For this rea-
son, an area from a winding starting portion positioned
in a center area of primary-side coil 11a to terminal 23a
is configured as two stages in the thickness direction and
the remaining area is configured as one stage. At this
time, the electrical line of the upper stage and the elec-
trical line of the lower stage are wound to leave a space,
the floating capacity between the electrical line of the
upper stage and the electrical line of the lower stage de-
creases, and the alternating-current resistance of prima-
ry-side coil 11a can be suppressed to a minimum.
[0048] When the electrical lines are stacked and pri-
mary-side coil 11a is extended in the thickness direction
of primary-side non-contact charging module 1, the
amount of current that flows to primary-side coil 11a can
be increased by increasing the winding number of prima-
ry-side coil 11a. When the electrical lines are stacked, if
the electrical line of the upper stage and the electrical
line of the lower stage are wound densely, the thickness
of primary-side coil 11a is suppressed, and the amount
of current flowing to primary-side coil 11a can be in-
creased.
[0049] In the present embodiment, primary-side coil
11a is formed using the electrical lines having a circular
cross-sectional shape. However, the electrical lines that
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have a rectangular cross-sectional shape may be used.
When the electrical lines having the circular cross-sec-
tional shape are used, gaps are generated between the
electrical lines adjacent to each other. For this reason,
the floating capacity between the electrical lines decreas-
es and the alternating-current resistance of primary-side
coil 11a can be suppressed to a minimum.
[0050] It is preferable to wind primary-side coil 11a in
one stage in the thickness direction, instead of winding
primary-side coil 11a in two stages in the thickness di-
rection, because the alternating-current resistance of pri-
mary-side coil 11a decreases and transmission efficien-
cy can be increased. This is because the floating capacity
is generated between the electrical line of the upper stage
and the electrical line of the lower stage, if the electrical
lines are wound in the two stages. Therefore, it is pref-
erable to wind most of the parts of primary-side coil 11a
in one stage, instead of winding all of the parts of primary-
side coil 11a in two stages. By winding primary-side coil
11a in one stage, primary-side non-contact charging
module 1 can be formed to have the small thickness.
When a planar coil portion is configured by the two elec-
trical lines, the two electrical lines are electrically con-
nected by solder in portions of terminals 22a and 23a.
For this reason, the two electrical lines may be configured
as one thick electrical line. The two electrical lines may
be wound in parallel to the coil surface and may be wound
vertically to the coil surface. That is, when the two elec-
trical lines are parallel to the coil surface, the two electrical
lines are wound around the same center in a planar shape
and one electrical line is inserted into the other electrical
line in the radial direction. As such, the two electrical lines
are bonded in the portions of terminals 22a and 23a to
function as one electrical line, and the thickness can be
suppressed even though the electrical lines have the
same cross-sectional area. That is, the cross-sectional
area of the electrical line where the diameter is 0.25 mm
can be obtained by preparing two electrical lines where
the diameter is 0.18 mm. Therefore, if one electrical line
where the diameter is 0.25 mm is prepared, the thickness
of one turn of the coil is 0.25 mm and the width of the coil
in the radial direction is 0.25 mm. However, if two elec-
trical lines where the diameter is 0.18 mm are prepared,
the thickness of one turn of the coil is 0.18 mm and the
width of the coil in the radial direction is 0.36 mm. The
thickness direction is a stack direction of the planar coil
portion and magnetic sheet 3. Only parts of the center
side of the coil may overlap in two stages in the thickness
direction and the remaining part of the outside may be
configured as one stage. In the case where the electrical
lines are wound vertically to the coil surface, the thickness
of non-contact charging module 1 increases. However,
the cross-sectional area of the electrical line increase
substantially, the amount of current that flows to the pla-
nar coil portion can be increased, and the sufficient wind-
ing number can be easily secured. In the present em-
bodiment, primary-side coil 11a is configured by the elec-
trical lines having the diameter of about 0.18 to 0.35 mm.

In primary-side coil 11a of primary-side non-contact
charging module 1, the electrical lines having the diam-
eter of 0.25 to 0.35 mm are preferable.
[0051] The loss in primary-side coil 11a can be pre-
vented by decreasing the alternating-current resistance
of primary-side coil 11a and power transmission efficien-
cy of primary-side non-contact charging module 1 that
depends on the L value can be improved by improving
the L value.
[0052] In the present embodiment, primary-side coil
11a is formed in an annular shape (circular shape). A
shape of primary-side coil 11a is not limited to the annular
shape (circular shape) and may be an elliptical shape, a
rectangular shape, and a polygonal shape. If aligning of
primary-side non-contact charging module 1 and sec-
ondary-side non-contact charging module 2 is consid-
ered, the shape of primary-side coil 11a is preferably the
annular shape (circular shape). This reason is as follows.
When the shape of primary-side coil 11a is the annular
shape (circular shape), because transmission/reception
of power can be performed over a wider range, aligning
of primary-side coil 11a of primary-side non-contact
charging module 1 and secondary-side coil 11b of sec-
ondary-side non-contact charging module 2 can be easily
performed. That is, since transmission/reception of the
power can be performed over a wider range, it is difficult
that secondary-side non-contact charging module 2 re-
ceives an influence of an angle with respect to primary-
side non-contact charging module 1.
[0053] Terminals 22a and 23a may be placed closely
each other and may be apart from each other. However,
when terminals 22a and 23a are apart from each other,
primary-side non-contact charging module 1 may be eas-
ily mounted.
[0054] Magnetic sheet 3 is provided to improve power
transmission efficiency of non-contact charging using the
electromagnetic induction action, and includes flat por-
tion 31a, center portion 32a that is a center and corre-
sponds to an inner diameter of primary-side coil 11a, and
linear concave portion 33a. When magnet 30a is provid-
ed to perform aligning of primary-side non-contact charg-
ing module 1 and secondary-side non-contact charging
module 2, magnet 30a may be disposed on center portion
32a and may be disposed at the position instead of center
portion 32a. A concave portion or a through-hole may be
provided in a portion that corresponds to the hollow por-
tion of coil 11a of magnetic sheet 3.
[0055] As magnetic sheet 3, a ferrite sheet of the Ni-
Zn system, a ferrite sheet of the Mn-Zn system, and a
ferrite sheet of the Mg-Zn system and the like may be
used. Magnetic sheet 3 may be configured as a single
layer, may be configured by stacking a plurality of sheets
made of the same material in the thickness direction, and
may be configured by stacking a plurality of different mag-
netic sheets in the thickness direction. Magnetic sheet 3
is preferably configured such that the permeability is 250
or more and the saturation magnetic flux density is 350
mT or more.
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[0056] An amorphous metal may be used as magnetic
sheet 3. When the ferrite sheet is used as magnetic sheet
3, the alternating-current resistance of primary-side coil
11a can be decreased, and when the amorphous metal
is used as magnetic sheet, the thickness of primary-side
coil 11a can be decreased. The shape of magnetic sheet
3 may be a circular shape, a rectangular shape, a polyg-
onal shape, and a rectangular shape and a polygonal
shape having large curved lines at four corners.
[0057] Next, an influence of the magnet with respect
to primary-side non-contact charging module 1 and sec-
ondary-side non-contact charging module 2 (described
later) will be described. The magnetic field that is gener-
ated by primary-side non-contact charging module 1 is
received by secondary-side coil 11b in secondary-side
non-contact charging module 2 to transmit power. In this
case, if the magnet is disposed around primary-side coil
11a and secondary-side coil 11b, the magnetic field may
be generated to avoid the magnet or the magnetic field
that passes through the magnet may be removed. The
permeability of a part of magnetic sheet 3 that is close
to the magnet may decrease. That is, the magnetic field
is weakened by the magnet. Therefore, in order to min-
imize the magnetic field weakened by the magnet, a
countermeasure is necessary for primary-side coil 11a
and secondary-side coil 11b to be apart from the magnet
or magnetic sheet 3 that is difficult to be affected by the
magnet.
[0058] Next, the case where secondary-side non-con-
tact charging module 2 is mounted to a portable terminal
apparatus will be described.
[0059] FIG.5 is a diagram illustrating the configuration
of a portable terminal apparatus according to the embod-
iment of the present invention and is a perspective view
illustrating the exploded portable terminal apparatus.
[0060] Portable terminal apparatus 520 includes liquid
crystal panel 521, operation button 522, substrate 523,
battery pack 524 and the like. Portable terminal appara-
tus 520 that receives power using the electromagnetic
induction action is a portable terminal apparatus that in-
cludes secondary-side non-contact charging module 2
in casing 525 and casing 526 forming an exterior package
thereof.
[0061] On a back surface of casing 525 where liquid
crystal panel 521 and operation button 522 are provided,
substrate 523 including a control section that receives
information input from operation button 522, displays
needed information on liquid crystal panel 521, and con-
trols entire portable terminal apparatus 520 is provided.
In addition, on the back surface of substrate 523, battery
pack 524 is provided. Battery pack 524 is connected to
substrate 523 and supplies power to substrate 523.
[0062] On the back surface of battery pack 524, that
is, on the side of casing 526, secondary-side non-contact
charging module 2 is provided. Secondary-side non-con-
tact charging module 2 receives power from primary-side
non-contact charging module 1 by the electromagnetic
induction action and charges battery pack 524 using the

power.
[0063] Secondary-side non-contact charging module
2 includes secondary-side coil 11b, magnetic sheet 4 and
the like. When a power supply direction is set to the side
of casing 526, if secondary-side coil 11b and magnetic
sheet 4 are disposed sequentially from the side of casing
526 between casing 526 and substrate 523, an influence
of substrate 523 and battery pack 524 can be alleviated
and power can be received. Although FIG.5 illustrates a
state in which magnetic sheet 4 is disposed closer to the
side of casing 526 than secondary-side coil 11b, FIG. 5
schematically illustrates the configuration for easy un-
derstanding. In practice, as described above, secondary-
side coil 11b and magnetic sheet 4 are disposed sequen-
tially from the side of casing 526.
[0064] Next, secondary-side non-contact charging
module 2 will be described.
[0065] FIG.6 is a diagram illustrating the secondary-
side non-contact charging module according to the em-
bodiment of the present invention and illustrating the
case where the secondary-side coil is a circular coil.
[0066] FIG.7 is a detailed diagram illustrating the sec-
ondary-side non-contact charging module according to
the embodiment of the present invention. FIG.7(a) is a
top view of the secondary-side non-contact charging
module and FIG.7(b) is a cross-sectional view taken
along the line C-C of the secondary-side non-contact
charging module in FIG.7(a). FIG.7(c) is a cross-section-
al view taken along the line D-D of the secondary-side
non-contact charging module in FIG.7(a) in the case
where a linear concave portion is provided. FIG.7(d) is a
cross-sectional view taken along the line D-D of the sec-
ondary-side non-contact charging module in FIG.7(a) in
the case where a slit is provided. FIGS.7(a) and 7(b) il-
lustrate the case where magnet 30b is not included. In
the case where the magnet is included, magnet 30b that
is illustrated by a dotted line is included.
[0067] FIGS.6 and 7 that illustrate secondary-side non-
contact charging module 2 correspond to FIGS.3 and 4
that illustrate primary-side non-contact charging module
1. The configuration of secondary-side non-contact
charging module 2 is substantially the same as the con-
figuration of primary-side non-contact charging module
1.
[0068] Secondary-side non-contact charging module
2 is different from primary-side non-contact charging
module 1 in the size and the material of magnetic sheet
4. Magnetic sheet 4 that is used in secondary-side non-
contact charging module 2 has the size that is smaller
than about 40 x 40 mm and the thickness that is about 2
mm or less.
[0069] The size of magnetic sheet 3 that is used in
primary-side non-contact charging module 1 is different
from the size of magnetic sheet 4 that is used in second-
ary-side non-contact charging module 2. This is because
secondary-side non-contact charging module 2 is gen-
erally mounted to a portable electronic apparatus and
reducing the size is required. In the present embodiment,
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magnetic sheet 4 is substantially square and has the size
of about 33 x 33 mm. It is demanded to form magnetic
sheet 4 with the size equal to or larger than the size of
an outer circumferential end of secondary-side coil 11b.
The shape of magnetic sheet 3 may be a circular shape,
a rectangular shape, a polygonal shape, and a rectan-
gular shape and a polygonal shape having large curved
lines at four corners.
[0070] Since secondary-side non-contact charging
module 2 is used in a portable terminal as the reception
side of power supply, an occupation space of secondary-
side non-contact charging module 2 in the portable ter-
minal has no room. Since the amount of current flowing
to secondary-side coil 11b of secondary-side non-con-
tact charging module 2 is small, an insulating property of
magnetic sheet 4 is not so required. In the present em-
bodiment, secondary-side coil 11b is configured using
the electrical lines having the diameter of about 0.18 to
0.35 mm and the electrical lines having the diameter of
about 0.18 to 0.30 mm are preferable in secondary-side
coil 11b of secondary-side non-contact charging module
2.
[0071] When the mounted electronic apparatus is a
mobile phone, the secondary-side non-contact charging
module is generally disposed between the case consti-
tuting the exterior package of the mobile phone and the
battery packet positioned in the mobile phone. In general,
since the battery pack is a casing made of aluminum, the
battery pack adversely affects power transmission. This
is because the eddy current is generated in the aluminum
in a direction weakening the magnetic flux generated by
the coil and the magnetic flux of the coil is weakened.
For this reason, an influence with respect to the aluminum
needs to be alleviated by providing magnetic sheet 4 be-
tween the aluminum which is the exterior package of the
battery pack and secondary-side coil 11b disposed on
the exterior package thereof.
[0072] Next, a relation of a size of magnet 30a and a
size of the inner diameter of primary-side coil 11a will be
described. Here, the case where magnet 30a is disposed
on primary-side non-contact charging module 1 will be
described. However, the same relation is realized in the
case where magnet 30b is disposed on secondary-side
non-contact charging module 2. In this case, magnet 30b
corresponds to magnet 30a.
[0073] FIG.8 is a diagram illustrating a relation of the
primary-side non-contact charging module including the
magnet and the secondary-side non-contact charging
module. FIG.8(a) illustrates the case where the aligning
magnet is used when the inner width of the coil is small,
FIG.8(b) illustrates the case where the aligning magnet
is used when the inner width of the coil is large, FIG.8(c)
illustrates the case where the aligning magnet is not used
when the inner width of the coil is small, and FIG.8(d)
illustrates the case where the aligning magnet is not used
when the inner width of the coil is large. In FIG.8, primary-
side non-contact charging module 1 including magnet
30a and secondary-side coil 11b of secondary-side non-

contact charging module 2 performing power transmis-
sion are illustrated. However, the description of second-
ary-side coil 11b according to the relation of secondary-
side non-contact charging module 2 described below is
applied to secondary-side non-contact charging module
2 including magnet 30b and primary-side coil 11a of pri-
mary-side non-contact charging module 1 performing
power transmission. That is, a planar coil portion of the
non-contact charging module where aligning and power
transmission can be performed in both of the case where
the other non-contact charging module to be the coun-
terpart of power transmission includes the magnet and
the case where the other non-contact charging module
does not include the magnet will be described. FIG.9 is
a diagram illustrating a relation of the inner diameter of
the coil and an L value of the coil.
[0074] In the drawings, magnet 30a is stored in only
the through-hole of primary-side coil 11a. However, mag-
net 30a may be stored in the through-hole of secondary-
side coil 11b.
[0075] Primary-side coil 11a and secondary-side coil
11b face each other. In inner portions 211 and 212 of
coils 11a and 11b, the magnetic field is generated and
power is transmitted. Inner portions 211 and 212 face
each other. Inner portions 211 and 212 are close to mag-
net 30a and may easily receive adverse effects from mag-
net 30a. That is, when the magnetic flux is generated
between the primary-side coil and the secondary-side
coil to transmit power, if the magnet exists between the
primary-side coil and the secondary-side coil and around
the primary-side coil and the secondary-side coil, the
magnetic flux extends to avoid the magnet. The magnetic
flux that passes through the magnet becomes an eddy
current or generates heat in the magnet, and is lost. If
the magnet is disposed in the vicinity of the magnetic
sheet, the permeability of the magnetic sheet in the vi-
cinity of the magnet may be decreased. Therefore, mag-
net 30a that is included in primary-side non-contact
charging module 1 may decrease the magnetic flux of
both primary-side coil 11a and secondary-side coil 11b,
particularly, inner portions 211 and 212 and may exert a
bad influence. As a result, transmission efficiency be-
tween the non-contact charging modules may be de-
creased. Therefore, in the case of FIG.8(a), inner por-
tions 211 and 212 that may easily receive adverse effects
from magnet 30a may increase. Meanwhile, in the case
of FIG.8(c) where the magnet is not used, since the wind-
ing number of secondary-side coil 11b is large, the L val-
ue increases. As a result, since a decrease ratio of a
numerical value from the L value in FIG.8(c) to the L value
in FIG.8(a) is large, a decrease ratio of the L value may
greatly increase in the case where magnet 30a is includ-
ed for aligning and the case where magnet 30a is not
included, in the coil where the inner width is small. As
illustrated in FIG.8(a), if the inner width of secondary-side
coil 11b is smaller than the diameter of magnet 30a, sec-
ondary-side coil 11b may receive adverse effects directly
from magnet 30a by an area facing magnet 30a. There-
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fore, the inner width of secondary-side coil 11b may be
larger than the diameter of magnet 30a.
[0076] As illustrated in FIG.8(b), if the inner width of
the coil is large, inner portions 211 and 212 that may
easily receive adverse effects from magnet 30a greatly
decrease. In the case of FIG.8(d) where the magnet is
not used, since the winding number of secondary-side
coil 11b decreases, the L value becomes smaller than
the L value in the case of FIG.8(c). As a result, since the
decrease ratio of the numerical value from the L value in
FIG.8(d) to the L value in FIG.8(b) is small, the decrease
ratio of the L value can be minimally suppressed in the
coil where the inner width is large. If the inner width of
secondary-side coil 11b increases, because the end of
the hollow portion of coil 11b is apart from magnet 30a,
an influence of magnet 30a can be suppressed. Howev-
er, since the non-contact charging module is mounted to
the charger or the electronic apparatus and the like, it is
not possible to form the non-contact charging module
larger than a predetermined size. Therefore, if the inner
widths of coils 11 and 11b are increased to decrease
adverse effects from magnet 30a, the winding number
may decrease and the L value may decrease without
depending on whether or not the magnet exists. When
magnet 30a has a circular shape, magnet 30a is as fol-
lows. That is, when the outer diameter of magnet 30a
and the inner width of coil 11b are almost equal to each
other (outer diameter of magnet 30a is smaller than the
inner width of coil 11b by about 0 to 2 mm), magnet 30a
can be maximized, so that it is possible to improve align-
ing precision of the primary-side non-contact charging
module and the secondary-side non-contact charging
module. Since the inner diameter of coil 11b can be min-
imized, it is possible to improve the winding number of
coil 11b increases and the L value. When the outer di-
ameter of magnet 30a is smaller than the inner width of
coil 11b (outer diameter of magnet 30a is smaller than
the inner width of coil 11b by about 2 to 8 mm), it is pos-
sible to make magnet 30a not be provided between the
facing portions of inner portions 211 and 212, even
though a variation exists in aligning precision. At this time,
if the outer diameter of magnet 30a is 70 to 95% of the
inner width of coil 11b, the variation in the aligning pre-
cision can be sufficiently resolved, so that it is possible
to improve aligning precision of the primary-side non-
contact charging module and the secondary-side non-
contact charging module. The winding number of coil 11b
can be secured. This means that an area of magnet 30a
is 70 to 95% of an area of the through-hole of the center
of the planar coil portion, in a surface parallel to the planar
coil portion. By this configuration, even in a case where
the aligning magnet is included in the other non-contact
charging module to be the counterpart of power trans-
mission or a case where the magnet is not included, the
change of the L value of the planar coil in the non-contact
charging module due to existence or non-existence of
the magnet decreases, so that it is possible to perform
aligning or power transmission. That is, secondary-side

non-contact charging module 2 can efficiently perform
aligning with primary-side non-contact charging module
1 and power transmission, in both of the case where mag-
net 30a is included in primary-side non-contact charging
module 1 and the case where magnet 30a is not included
in primary-side non-contact charging module 1. In addi-
tion, primary-side non-contact charging module 1 can ef-
ficiently perform aligning with secondary-side non-con-
tact charging module 2 and power transmission, in both
of the case where magnet 30b is included in secondary-
side non-contact charging module 2 and the case where
magnet 30b is not included in secondary-side non-con-
tact charging module 2. Primary-side coil 11a forms an
LC resonance circuit with a resonance capacitor, in pri-
mary-side non-contact charging module 1. At this time,
if the L values greatly change in the case where the mag-
net is used in aligning and the case where the magnet is
not used in aligning, the resonance frequency with the
resonance capacitor may greatly change. This reso-
nance frequency is used in power transmission of prima-
ry-side non-contact charging module 1 and secondary-
side non-contact charging module 2. For this reason, if
the resonance frequency greatly changes according to
existence or non-existence of the magnet, power trans-
mission may not be correctly performed. However, power
transmission can be efficiently performed by the above
configuration.
[0077] Furthermore, as illustrated in FIG.9, when the
size of magnet 30a and the outer diameter of secondary-
side coil 11b are constant, if the inner diameter of sec-
ondary-side coil 11b is increased by decreasing the wind-
ing number of secondary-side coil 11b, an influence of
magnet 30a with respect to secondary-side coil 11b de-
creases. That is, the L values of secondary-side coil 11b
in the case where magnet 30a is used in aligning of pri-
mary-side non-contact charging module 1 and second-
ary-side non-contact charging module 2 and magnet 30a
is not used become values similar to each other. There-
fore, the resonance frequency of when magnet 30a is
used and the resonance frequency of when magnet 30a
is not used become very similar to each other. At this
time, the outer diameter of the coil is set to 30 mm. The
distance of the end of the hollow portion of primary-side
coil 11a and the outer end of magnet 30a is set to be
larger than 0 mm and smaller than 6 mm, so that it is
possible to set the L values similar to each other, in the
case where magnet 30a is used and the case where mag-
net 30a is not used, while the L values are maintained at
15 mH or more. The result of FIG.9 is applied to the L
value of primary-side coil 11a of primary-side non-contact
charging module 1 in the case where magnet 30b is in-
cluded in secondary-side non-contact charging module
2.
[0078] FIG.10 is a schematic diagram illustrating a po-
sition relation of the non-contact charging module ac-
cording to the embodiment of the present invention and
the magnet included in the other non-contact charging
module performing power transmission. In this case, the
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primary-side non-contact charging module includes the
magnet that is used in aligning of the primary-side non-
contact charging module and the secondary-side non-
contact charging module. FIG.10(a) illustrates the case
where the secondary-side coil has a rectangular shape
and FIG.10(b) illustrates the case where the secondary-
side coil has a circular shape. In the non-contact charging
module that is illustrated in these drawings, the explana-
tion where the concave portion or the through-hole that
exists in the hollow portion of the coil portion of the mag-
netic sheet will be omitted.
[0079] At this time, the relation of the magnet and the
non-contact charging module is applied to both a relation
of primary-side non-contact charging module 1 and mag-
net 30b provided in secondary-side charging module 2,
and a relation of secondary-side non-contact charging
module 2 and magnet 30a provided in primary-side non-
contact charging module 1. Therefore, the relation of sec-
ondary-side non-contact charging module 2 and magnet
30a provided in primary-side non-contact charging mod-
ule 1 is described. However, the relation is applied to the
relation of primary-side non-contact charging module 1
and magnet 30b provided in secondary-side non-contact
charging module 2. That is, a non-contact charging mod-
ule that can suppress an influence of the magnet included
in the other non-contact charging module that is the coun-
terpart of power transmission and perform aligning and
power transmission in both of the case where the magnet
is included in the other non-contact charging module and
the case where the magnet is not included in the other
non-contact charging module will be described.
[0080] Secondary-side coil 11c illustrated in FIG.10(a)
and secondary-side coil 11b illustrated in FIG.10(b) are
positioned such that the centers thereof are aligned with
the center of aligning magnet 30a. In addition, secondary-
side non-contact charging module 2 may include the
magnet, even when primary-side non-contact charging
module 1 does not include magnet 30a.
[0081] Aligning magnet 30a that is included in the
counterpart-side non-contact charging module has the
diameter m and a circular shape, and magnetic sheet 4
has a square shape. Magnetic sheet 4 may have a po-
lygonal shape or a rectangular shape other than the
square shape or may have curved lines at corners. How-
ever, magnetic sheet 4 preferably has the square shape
in order to decrease the size while securing performance
of primary-side non-contact charging module 1 that is the
counterpart side.
[0082] Since the standard of aligning magnet 30a is
suggested when non-contact charging modules 1 and 2
are used, aligning magnet 30a is used to secure power
transmission between non-contact charging modules 1
and 2 and to align the transmission and reception coils.
[0083] When rectangular secondary-side coil 11c and
circular secondary-side coil 11b having the same winding
number are disposed on magnetic sheets 4 having the
same size, secondary-side coil 11c and secondary-side
coil 11b are stored in magnetic sheets 4 having the same

area. That is, as illustrated in FIGS. 10(a) and 10(b), when
rectangular secondary-side coil 11c and circular second-
ary-side coil 11b having the same winding number are
disposed on magnetic sheets 4 having the length of one
side, the shortest distance y1 between facing inner sides
of rectangular secondary-side coil 11c and the inner di-
ameter y2 of circular secondary-side coil 11b can be set
to the same length.
[0084] Meanwhile, the length x of a diagonal line of the
inner side of rectangular secondary-side coil 11c is longer
than the shortest distance y1 between the facing inner
sides of rectangular secondary-side coil 11b having the
same length as the inner diameter y2 of circular second-
ary-side coil 11b. That is, in rectangular secondary-side
coil 11c, an area increases where an interval of aligning
magnet 30a and secondary-side coil 11c is large, as com-
pared with circular secondary-side coil 11b. That is, a
relation of x > y1 and y1 = y2 is realized.
[0085] In order to suppress an influence of the magnet
included in primary-side non-contact charging module 1
or secondary-side non-contact charging module 2, the
rectangular coil needs to satisfy a relation of x > = m,
preferably, y1 > = m.
[0086] If an interval of secondary-side coil 11b or 11c
and aligning magnet 30a increases, an influence of align-
ing magnet 30a decreases. For this reason, a decrease
ratio of the L value of secondary-side coil 11b or 11c can
be decreased. In the case where the secondary-side coil
has a rectangular shape, when the dimension x of the
diagonal line of the inner side of secondary-side coil 11c
is equal to the dimension y2 of the inner diameter of cir-
cular secondary-side coil 11b, a decrease ratio of the L
value of secondary-side coil 11c becomes substantially
equal to a decrease ratio of the L value of secondary-
side coil 11b.
[0087] For this reason, when a space to store primary-
side non-contact charging module 1 of non-contact
charger 400 has a square shape and the space is limited,
it is preferable to form magnetic sheet 4 in a square shape
and form secondary-side coil 11c in a rectangular shape.
Thereby, as compared with the circular coil, rectangular
secondary-side coil 11c can be apart from magnet 30a
and rectangular secondary-side coil 11c rarely receives
an influence of magnet 30a. The magnetic flux of rectan-
gular secondary-side coil 11c is concentrated on the cor-
ners. However, since the distance of the corners and
magnet 30a is large, an influence of magnet 30a can be
decreased.
[0088] That is, when secondary-side coil 11b is wound
in a circular shape, entire secondary-side coil 11b has
almost the same strength of the magnetic flux. However,
when secondary-side coil 11b is wound in a substantially
rectangular shape, the magnetic flux is concentrated on
the corners. Therefore, if the dimension x of the diagonal
line of the inner side of secondary-side coil 11c is located
outside of the outer diameter of aligning magnet 30a (x
≥ m), an influence of magnet 30a can be suppressed and
power can be transmitted. If the shortest distance y1 be-
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tween facing inner sides of secondary-side coil 11b is
located outside of the outer diameter of aligning magnet
30a (y1 ≥ m), entire secondary-side coil 11c is positioned
outside than the outer diameter of aligning magnet 30a
and the corners of secondary-side coil 11b are positioned
at the constant distance from magnet 30a. Therefore, an
influence of magnet 30a with respect to secondary-side
coil 11b can be decreased.
[0089] In the present embodiment, in order to satisfy
the above-described relation, the dimension x of the di-
agonal line of rectangular secondary-side coil 11c is set
to about 23 mm and the diameter m of aligning magnet
30a is set to 15.5 mmφ. Generally, aligning magnet 30a
is assumed to have the maximum diameter of 15.5 mm
and configured smaller than the maximum diameter of
15.5 mm. When a small size and aligning precision are
considered, aligning can be performed with a good bal-
ance by setting the diameter of magnet 30a to about 10
to 15.5 mm and setting the thickness to about 1.5 to 2
mm. A neodymium magnet may be used and the strength
thereof may be about 75 to 150 mT. In the present em-
bodiment, since an interval of the coil of the primary-side
non-contact charging module and the coil of the second-
ary-side non-contact charging module is about 2 to 5 mm,
it is possible to perform sufficient aligning by the corre-
sponding magnet. Therefore, if the secondary-side coil
is wound in a circular shape, the diameter of the hollow
portion is set to 15.5 mm or more, and if the secondary-
side coil is wound in a rectangular shape, the length of
the diagonal line of the hollow portion is set to 15.5 mm
or more, preferably, the side width of the hollow portion
is set to 15.5 mm or more. As a result, an influence of
magnet 30a can be decreased, regardless of the size of
magnet 30a included in the counterpart side.
[0090] As described above, the rectangular coil is less
influenced by the magnet than the magnet in the circular
coil. However, if both primary-side coil 11a and second-
ary-side coil 11b described later are rectangular coils,
the corners need to be aligned when charging and align-
ing are performed. Therefore, since angular adjustment
at the time of aligning is difficult, one coil may be a circular
coil and the other coil may be a rectangular coil. That is,
this is because the angle adjustment does not need to
be performed and the rectangular coil can suppress an
influence of the magnet. In addition, although one of pri-
mary-side non-contact charging module 1 and second-
ary-side non-contact charging module 2 may include the
rectangular coil and the other may include the circular
coil, since the circular coil may efficiently perform power
transmission without depending on a shape of the coil
becoming the counterpart of power transmission, prima-
ry-side non-contact charging module 1 may include the
circular coil.
[0091] In the rectangular coil, R (radius of the curved
lines of the four corners) of angular portions of the four
corners of the hollow portion is 30% or less of the side
width (y1 of FIG.10(a)) of the hollow portion, as compared
with the circular coil. That is, in FIG.10(a), the four corners

of the hollow portion that has a substantially rectangular
shape are configured in a curved shape. By configuring
the four corners to have the slightly curved lines, instead
of the right angle, it is possible to improve the strength
of the electrical lines in the four corners. However, if R
excessively increases, the rectangular coil is almost
equal to the circular coil, so that it is not possible to obtain
an effect that can be obtained only in the rectangular coil.
As a result of examination, when the side width y1 of the
hollow portion is 20 mm, if the radius R of the curved line
of each corner is 6 mm or less, an influence of the magnet
can be effectively suppressed. As described above, if the
strength of the four corners is considered, the radius R
of the curved line of each corner is 5 to 30% of the side
width of the hollow portion having the substantially rec-
tangular shape, so that it is possible to obtain an effect
of the above rectangular coil.
[0092] Furthermore, a relation of the magnet and the
hollow portion of the coil wound in a rectangular shape
of the non-contact charging module will be described.
[0093] FIG.11 illustrates a decrease ratio of the L value
of planar coil portion in the case where aligning magnet
30a is included with respect to the case where aligning
magnet 30a is not included, when a dimension of a di-
agonal line of the inner side of the rectangular planar coil
portion of FIG.10 and an inner diameter dimension of a
circular planar coil portion change (the size of magnetic
sheet 4 is changed according to the dimension). That is,
FIG.11 illustrates a state in which an influence of the
aligning magnet decreases as the decrease ratio of the
L value decreases. In the present embodiment, the re-
ception-side non-contact charging module is described
as an example. However, it is obvious that the description
of the reception-side non-contact charging module can
be applied to the transmission-side non-contact charging
module.
[0094] As illustrated in FIG.11, as an internal dimen-
sion of the coil increases, the decrease ratio of the L
value of the planar coil portion decreases. This is be-
cause the area where the interval of aligning magnet 30a
and the inner side of the planar coil portion is sufficiently
taken increases and an influence of aligning magnet 30a
decreases. Meanwhile, when the dimension of the diag-
onal line of the inner side of the rectangular planar coil
portion and the dimension of the inner diameter of the
circular planar coil portion have the same value, the de-
crease ratio of the L value of the planar coil portion has
the same value.
[0095] That is, if the dimension x of the diagonal line
of the inner side of the rectangular planar coil portion and
the dimension y of the inner diameter of the circular planar
coil portion are larger than the diameter m of the aligning
magnet (x = y > m), a gap can be generated between the
inner side of the planar coil portion and the outer diameter
of the aligning magnet. However, in this case, the area
of a plane of the planar coil portion in the rectangular
planar coil portion is narrower than that in the circular
planar coil portion. Therefore, the dimension of the diag-
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onal line of the inner side of the rectangular planar coil
portion can be increased so as to match the size of mag-
netic sheet 4. In this way, in the case where the planar
coil portion is disposed in magnetic sheet 4, as compared
with the circular planar coil portion, the gap can be gen-
erated between the inner side of the planar coil portion
and the outer side of the aligning magnet, so that it is
possible to decrease an influence of the aligning magnet
in the rectangular planar coil portion. In the present em-
bodiment, in order to satisfy the above-described rela-
tion, the dimension x of the diagonal line of the rectan-
gular planar coil portion is set to about 23 mm and the
diameter m of aligning magnet 4 is set to 15 mmφ.
[0096] Next, the magnitude of the magnetic field that
is generated in the rectangular planar coil portion will be
described using FIG.12. FIG.12(b) is a cross-sectional
view taken along the line A-A’ of FIG.12(a), and FIG.12
(c) is a cross-sectional view taken along the line B-B’ of
FIG.12(a). In FIG.12(b), the end of the aligning magnet
and the inner end of the rectangular planar coil portion
become close to each other, and the magnetic field that
is generated in the rectangular planar coil portion is de-
creased by the influence of the magnetic field of the align-
ing magnet. Meanwhile, in FIG.12(c), the end of the align-
ing magnet and the inner end of the rectangular planar
coil portion are apart from each other, it becomes difficult
to receive the influence of the magnetic field of the align-
ing magnet, and then the magnetic field that is generated
in the rectangular planar coil portion increases. That is
to say, in the circular planar coil portion, in any place of
the circumference of the coil, the magnetic field that is
generated in the circular planar coil portion is small, that
is, the L value of the circular planar coil portion is low,
the L value affecting mutual inductance of electromag-
netic induction, so that the power transmission efficiency
of the non-contact charging module decreases. Mean-
while, in the above rectangular planar coil portion, the
generated magnetic field increases, that is, the L value
of the rectangular planar coil portion that affects the mu-
tual inductance of the electromagnetic induction be-
comes larger than the L value of the circular planar coil
portion, so that power transmission efficiency of the non-
contact charging module when the rectangular planar coil
portion is used becomes superior to power transmission
efficiency when the circular planar coil portion is used.
[0097] Next, a result that is obtained by measuring the
L value of the planar coil portion by changing the ferrite
thickness of magnetic sheet 4 in the rectangular planar
coil portion and the circular planar coil portion in FIG.10
will be described.
[0098] FIG.13 illustrates a result that is obtained by
measuring the L value of the planar coil portion by chang-
ing the ferrite thickness of magnetic sheet 4. In this case,
the L value is an inductance value of the planar coil por-
tion, and power transmission efficiency of the non-con-
tact charging module becomes high as the L value in-
creases.
[0099] In order to satisfy power transmission perform-

ance of the non-contact charging module, the L value of
the coil needs to be 6 to 8 mH. However, when the aligning
magnet is provided, an effect of increasing the strength
of the magnetic field of magnetic sheet 4 decreases due
to the influence of the aligning magnet.
[0100] According to FIG.13, when the aligning magnet
is provided, the ferrite thickness of magnetic sheet 4
needs to be 500 mm in order for the circular planar coil
portion to generate the L value of the coil of 6 to 8 mH.
As compared with the circular planar coil portion, the L
value of the rectangular planar coil portion that has the
same ferrite thickness becomes 12 mH (refer to the arrow
A).
[0101] Under the condition in which the ferrite thick-
ness and the area of magnetic sheet 4 are equal to each
other, the L value of the rectangular planar coil portion
becomes larger than the L value of the circular planar
coil portion. Therefore, the magnetic field that is gener-
ated by the rectangular planar coil portion increases and
power transmission efficiency of the non-contact charg-
ing module increases.
[0102] When the L value of the rectangular planar coil
portion and the L value of the circular planar coil portion
are set to the same value, the ferrite thickness of mag-
netic sheet 4 can be set to a small value in the rectangular
planar coil portion. That is, if the L value is set to 6 to 8
mH as a target value, the ferrite thickness of magnetic
sheet 4 of the rectangular planar coil portion can be set
to 300 mm (refer to the arrow B) and the ferrite thickness
can be made thinner. Therefore, it is possible to reduce
the thickness of the non-contact charging module, so that
the small size can be easily achieved.
[0103] As such, the influence of the magnetic field of
the aligning magnet can be prevented by configuring the
planar coil used by the non-contact charging module in
a rectangular shape and the size of the non-contact
charging module can be decreased by improving power
transmission efficiency of the non-contact charging mod-
ule.
[0104] The wounding of the coil is not limited to in a
rectangular shape and may be in a square shape or a
polygonal shape having R at the corners. That is, the
shape of the coil may be a shape in which the entire coil
is disposed on magnetic sheet 4 and a portion where the
inner edge of the coil is apart from the outer edge of the
aligning magnet increases. In particular, with the rectan-
gular shape, the above-described effect can be obtained
and the rectangular coil can be easily formed.
[0105] In the present embodiment, the coil of the rec-
tangular planar coil portion is described to be wound in
a square shape. However, the shape of the coil is not
limited to in a square shape and may be in a rectangular
shape. That is, if at least a part of the four inner sides of
the coil is closer to the outer side than the outer circum-
ference of the aligning magnet, the above-described ef-
fect can be obtained.
[0106] The aligning magnet does not need to be dis-
posed in both the transmission-side non-contact charg-

23 24 



EP 2 546 844 A1

15

5

10

15

20

25

30

35

40

45

50

55

ing module and the reception-side non-contact charging
module and may be disposed on one side. In the present
embodiment, the case where the aligning magnet is in
the non-contact charging module to be the counterpart
side rather than in the non-contact charging module has
been described. However, the description of the above
case can be applied to the case where the aligning mag-
net is installed in the non-contact charging module not
to be the counterpart side.
[0107] The minimum dimension of the diagonal line of
the rectangular coil (which is also called angular coil) of
FIG.11 is about 19 mm. When the dimension of the di-
agonal line is 19 mm, the distance of the facing sides of
the hollow portion of the inner side of the rectangular coil
is about 13.5 mm. Therefore, in FIG.11, when the dimen-
sion of the diagonal line of the rectangular coil is 19 mm,
the aligning magnet having the diameter of 15.5 mm and
the hollow portion of the inner side of the rectangular coil
are covered. That is, if the size of the hollow portion of
the inner side of the rectangular planar coil portion is
larger than the size of the aligning magnet, it is possible
to decrease the decrease ratio of the L value.
[0108] As described above, an influence of the magnet
in the rectangular coil is smaller than an influence of the
magnet in the circular coil. However, if both the primary-
side coil and the secondary-side coil are rectangular
coils, the corners need to be aligned when charging and
aligning are performed. Therefore, since angular adjust-
ment at the time of aligning is difficult, one coil may be a
circular coil and the other coil may be a rectangular coil.
That is, the angle adjustment does not need to be per-
formed and the rectangular coil can suppress an influ-
ence of the magnet. In addition, one of the primary-side
non-contact charging module and the secondary-side
non-contact charging module may include a rectangular
coil and the other may include the circular coil. However,
since the circular coil can perform efficient power trans-
mission regardless of a shape of the coil which is the
counterpart of power transmission, the primary-side non-
contact charging module may include the circular coil.
[0109] As described above, in the present invention,
the non-contact charging module where the size of the
hollow portion of the inner side of the planar coil portion
is larger than the size of the magnet is configured. At this
time, if the size of the hollow portion of the inner side of
the planar coil portion is more than the size of the magnet,
this means that the magnet included in the transmission-
side non-contact charging module (other non-contact
charging module) does not overlap the hollow portion of
the planar coil portion of the reception-side non-contact
charging module, when the transmission-side non-con-
tact charging module and the reception-side non-contact
charging module are aligned. That is, this means that the
magnet included in the transmission-side non-contact
charging module does not protrude to the coil surface
from the hollow portion of the reception-side non-contact
charging module and is stored in the hollow portion, when
the transmission-side non-contact charging module and

the reception-side non-contact charging module are
viewed from the upper side.

Industrial Applicability

[0110] According to the transmission-side non-contact
charging module and the non-contact charging appara-
tus using the same according to the present invention,
the change of the L value of the coil that is provided in
the non-contact charging module can be suppressed in
both of the case where the magnet of the counterpart-
side non-contact charging module is used in aligning of
the primary-side non-contact charging module and the
secondary-side non-contact charging module and the
case where the magnet is not used. Therefore, the trans-
mission-side non-contact charging module and the non-
contact charging apparatus can be used in both of the
case where the magnet is used and the case where the
magnet is not used and can be used as a transmission-
side charging apparatus when a portable terminal such
as a mobile phone, a portable audio device, and a port-
able computer and a portable apparatus such as a digital
camera and a video camera are charged.

Reference Signs List

[0111]

1 Primary-side non-contact charging module
2 Secondary-side non-contact charging mod-

ule
3 Magnetic sheet (primary side)
4 Magnetic sheet (secondary side)
11a Primary-side coil
11b Secondary-side coil
22a, 23a Terminal (primary side)
22b, 23b Terminal (secondary side)
30a Magnet (primary side)
30b Magnet (secondary side)
31 a Flat portion (primary side)
31b Flat portion (secondary side)
32a Center portion (primary side)
32b Center portion (secondary side)
33a Linear concave portion (primary side)
33b Linear concave portion (secondary side)
34a Slit (primary side)
34b Slit (secondary side)

Claims

1. A non-contact charging module that has a case
where using a magnet included in a counterpart-side
non-contact charging module or a case where not
using the magnet, when aligning with the counter-
part-side non-contact charging module, the non-con-
tact charging module comprising:
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a planar coil portion where electrical lines are
wound; and
a magnetic sheet that places a coil surface of
the planar coil portion and faces the coil surface
of the planar coil portion,
wherein a size of a hollow portion of the planar
coil portion is more than a size of the magnet
included in the counterpart-side non-contact
charging module.

2. The non-contact charging module according to claim
1, wherein the electrical lines of the planar coil are
wound in a circular shape.

3. The non-contact charging module according to claim
2, wherein the distance of an end of the inner diam-
eter of the planar coil portion and an outer end of the
magnet is more than 0 mm and smaller than 6 mm.

4. The non-contact charging module according to claim
2, wherein the planar coil portion is configured such
that an area of the magnet becomes 80 to 95% of
an area of an inner circle of the planar coil portion,
in a surface parallel to the planar coil portion.

5. The non-contact charging module according to claim
1, wherein the magnet has a circular shape and the
diameter of the magnet is 15.5 mm.

6. The non-contact charging module according to claim
1, wherein the electrical lines of the planar coil are
wound in a rectangular shape.

7. The non-contact charging module according to claim
5, wherein the shortest distance of facing inner sides
of the hollow portion of the planar coil portion which
is a substantially rectangular shape is longer than
the diameter of the circular magnet.

8. A reception-side non-contact charging apparatus
comprising the step of including the non-contact
charging module according to claim 1.

9. A transmission-side non-contact charging apparatus
comprising the step of including the non-contact
charging module according to claim 1.
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